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Introduction

One of the neuropathological hallmarks of Alzheimer’s
disease (AD) isan accumulation of plaques consisting pre-
dominately of amyloid-beta (AB) peptide, which isacleav-
age product of amyloid precursor protein (APP) resulting
from the action of - and y-secretasg”. Accompanying the
accumulation of AP iselevation in theinflammation-rel ated
proteins of the complement cascade, aswell as interleukin
(IL)-1B and tumor necrosis factors-af?. Any or all of the
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Abstract

Aim: To observe the effects of sodium ferulate (SF) on amyloid beta (AB);.40-
induced p38 mitogen-activated protein kinase (MAPK) signal transduction path-
way and the neuroprotective effects of SF. M ethods: Rats were injected
intracerebroventricularly with AB,.4,. Six hours after injection, Western blotting
was used to determine the expressions of phosphorylated mitogen-activated pro-
tein kinase kinase (MKK) 3/MKK®6, phospho-p38 MAPK, interleukin (1L)-1f,
phospho-MAPK activating protein kinase 2 (MAPKAPK-2), the 27 kDa heat shock
protein (Hsp27), procaspase-9, -3, and -7 cleavage, and poly (ADP-ribose) poly-
merase (PARP) cleavage. Seven days after injection, Nissl staining was used to
observe the morphological change in hippocampal CA1 regions. Results:
Intracerebroventricular injection of AP, induced an increase in phosphorylated
MKK3/MKK6 and p38 MAPK expressonsin hippocampal tissue. Theseincreases,
in combination with enhanced interleukin (IL)-1f protein expression and reduced
phospho-MAPKAPK2 and phospho-Hsp27 expression, mediate the Ap-induced
activation of cell death events as assessed by cleavage of procaspase-9, -3, and -7
and caspase-3 substrate PARPcleavage. Pretreatment with SF (100 mg/kg and 200
mg/kg daily, 3 weeks) significantly prevented AB,.,-induced increasesin phos-
phorylated MKK3/MKK®6 and p38 MAPK expression. The AB,.,-induced in-
creasein IL-10 protein level was attenuated by pretreatment with SF. In addition,
APB1.4o-induced decreases in phosphorylated MAPK APK 2 and Hsp27 expression
were abrogated by administration of SF. In parallel with these findings, AP,
induced changes in activation of caspase-9, caspase-7, and caspase-3 were
inhibited by pretreatment with SF. Conclusion: SF prevents AB,..-induced neu-
rotoxicity through suppression of MKK3/MKK6-p38 MAPK activity and IL-13
expression and upregulation of phospho-Hsp27 expression.

above mentioned proteins are potential triggers for the neu-
rona death and synaptic loss. Numerous studies have shown
that Ap-induced neuronal death demonstrates signs of
apoptosis®d. However, the signal transduction mechanism(s)
by which these losses occur remains largely unknown.
The mammalian mitogen-activated protein kinases
(MAPK) can besubdivided intothe extracellular signal-regu-
lated kinases (ERK s), the Jun N-terminal kinases (INKs), and
the p38 MAPK. JNK and p38 MAPK arealso called stress
activated protein kinases (SAPK). These pathways appear
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to be activated by awide variety of cellular stressesinclud-
ing heat shock, lipopolysaccharides (LPS), and inflamma-
tory cytokinases. It has also been demonstrated that the
p38 MAPK pathway is hyperactivein the AD brain®®. Acti-
vation of p38 MAPK is mediated by the upstream MAPK
kinase, referred to as mitogen-activated protein kinase ki-
nase (MKK)3 and MKK6!™. In addition, thereisthe poten-
tial for crosstalk between JNK and p38 MAPK pathways
because of MKK4 (SEK 1), which has been shown to acti-
vate both p38 MAPK and JNK'. Activated p38 MAPK
phosphorylates MAPK activating protein kinase 2
(MAPKAPK-2), which phasphorylatesthe 27 kDa heat shock
protein (Hsp27)® and activating transcription factors 2 (ATF-
2)[. Hsp27 isamolecular chaperonewith an ability tointer-
act with alarge number of proteins. Recent evidence has
shown that Hsp27 regul ates apoptosis through an ability to
interact with key components of the apoptotic signaling
pathway, in particular, those involved in caspase activation
and apoptosis™.

Sodium ferulate (SF), extracted from a traditional Chi-
nese herbal medicine, has potent antioxidant™ and anti-
inflammatory activities™. It hasrecently been reported that
long-term admini stration of ferulicacid protected miceagainst
learning and memory deficitsinduced by centrally adminis-
tered B-amylaid®™. Theprimary site of action of ferulic acid
could be the microgliad* and astrocytes™. A recent report
showed that ferulic acid inhibited theformation of AP fibrils
and destabilized preformed fibrillary AR, Sultana et al
reported that ferulic acid ethyl ester significantly inhibited
APB.-induced cytoxicity, intracel lular reactive oxygen spe-
cies accumulation, lipid peroxidation, and the induction of
inducible nitric oxide synthase in primary hippocampal cul-
tures®. In addition, ferulic acid attenuates iron-induced
oxidative damage and apoptosis in cultured neurons*® and
reduces the expression of inducible nitric oxide synthase
(INOS) and cycl ooxygenase activity following exposure to
LPS™.. Our previous report showed that SF had inhibitory
effects on AB-induced p38 MAPK phosphorylation and neu-
ronal apoptotic deathsin therat hippocampus®. Therefore,
in this study, we investigated the effect of SF on AB.-
induced phosphorylation levels of the MKK/MKK 6 and p38
MAPK aswdl asMAPKAPK?2 and H9p27 inrat hippocampus.
We have a so studied the effect of the selective p38 MAPK
inhibitor SB203580 on these kinase phosphorylations and
the pro-apoptotic pathways.

Materials and methods

Materials AP, (Product number, A2326; Sigma
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Chemical, St Louis, MO, USA) was resuspended at a con-
centration of 1 mmol/L in salinesolution. To obtain the ag-
gregated form of AB,.40, the peptide solution was placed in
an incubator at 37 °C for 48 h. SF, a colorless powder with
purity >99%, was obtai ned from Suzhou Changtong Chemi-
ca (Suzhou, China). SB203580 was obtained from Promega
Corporation. Theenhanced chemiluminescencekit wasfrom
Pierce Biotechnology (Rockford, IL, USA). Phospho-p38
MAPK (Thr180/tyr182, #9211), phospho-MKK3/MKK6
(Ser189/207,#9231), phospho-MAPK APK -2 (Thr334, #3404),
phospho-Hp27(Ser82, #2401), caspase-3 (#9662), caspase-9
(Human Specific, #9502), caspase-7 (#9492), PARP (#9542),
cleaved PARP (ASP330, #9541), and anti-rabbit 1gG, HRP-
linked antibodies and biotinylated protein ladder detection
pack (#7727) were purchased from Cell Signaling (Beverly,
MA, USA). IL-1p antibody was obtained from Santa Cruz
Biotechnology (SantaCruz, CA, USA). B-actin antibody was
from Sigma Chemical. SeeBlue Plus2 Pre-stained Standard
(Catalog No LC5925) wasfrom Invitrogen Life Technologies
(USA).

Animals and drug treatment Sprague-Dawley rats,
weighing 200 g to 220 g, were used in these sudies (Gradel |,
Certificate No: 2003—0009, Experimental Animal Center of
ChinaMedical University). The animalsweremaintained at
an ambient temperature of 22—24 °C under a12 h:12 hlight:
dark cycde. Theratswererandomly divided into six groups:
AB1.40 group, AB,.,o+SF group (100 mg/kg and 200 mg/kg),
control group for Ap,.,, and SF (saline solution), SB203580
group (SB203580 was dissolved in 1% dimethylsul foxide,
DMSO0), AB,..0+SB203580 group, and the control group for
SB203580(1% DM SO).

The rats were anesthetized with chloral hydrate (300
mg/kg) and placed in a stereotaxic apparatus. Drugs or
vehicles were intracerebroventricularly injected into the
animalswith aHamilton microsyringe. Theinjection lasted 5
min and the needlewith the syringewas| ft in place for 2 min
after theinjection for the completion of the drug infusion.

In the AB..4 group, the rats were injected with 5 pL
ABi14o Inthe AB,.+SF group, the rats were administered
with SFig (100 mg/kg and 200 mg/kg, daily) for 3 weeksprior
to AB,.injection. Theratsin the control group for AR,
and SF were injected with 5 pL saline solution. In the
SB203580 group, theratswereinjected with 5 pl. SB203580
(8 pg/rat). Inthe AB,.,,+SB203580 group, the rats were
injected with SB203580 and then with Af,.4, 1 h after
SB203580 injection. Theratsin the SB203580 control group
wereinjected with 5 uL 1% DM SO.

Therats werekilled by decapitation 6 h after injection
withthedrugsor vehides. Hippocampal dices(500-pum thick)
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were prepared and immediately frozen ondryice. TheCAl
region was microdissected using a method described in a
previous study'® for Western blot. Seven days after
injection, Nissl staining was used to observe the morpho-
logical changein the hippocampa CAlregions. Animas(5
in each group) used for Nisd staining were anesthetized and
perfused transcardially with 4% paraformal delyde.

Western blot analysis Western blot was performed for
the analysis of IL-18, MKK3/MKK®6, p38 MAPK,
MAPKAPK-2, Hsp27, caspase-9, caspase-7, PARP, and
caspase-3. The fresh hippocampal CA 1 region was homog-
enized in RIPA buffer [1% Triton, 0.1% SDS, 0.5%
deoxycholate, 1 mmol/L EDTA, 20 mmoal/L Tris(pH 7.4), 150
mmol/L NaCl, 20 mmol/L NaF, 0.1 mmd/L PMSF]. Thenudear
fractionswerefirst isolated by centrifuging the homogenates
at 7500xg at 4 °C for 30 min. The supernatant was further
centrifuged at 12 000xg at 4 °C for 20 min to removein-
soluble materials. Protein concentrations were quantified
by the method of Lowry. Tissue sampleswere equalized for
protein concentration. Proteinswere resolved by 10%-12%
SDS-PAGE, trandferred onto nitrocd lulose membranes. Gels
were also loaded with colored molecular weight markersto
assess el ectrophoretic transfer, and biotinylated protein lad-
der marker to estimatemol ecular weightsof bandsof interest.
The membraneswere blocked with 3% BSA in TBS (pH 7.6)
for 1 h and incubated overnight at 4 °C with suitably diluted
primary antibodies. After extensivewashingwith TTBS, the
membraneswereincubated with anti-rabbit 1gG, HRP-linked
antibody plusanti-bictin antibody for 1 h at roomtemperature.
The blots were detected using the enhanced chemilumines-
cence (ECL) reaction. After visualization by ECL, dl of the
nitrocel lul ose strips were reprobed with 3-actin antibody to
ensure equal loading of protein on all SDS-PAGE gels. Im-
munoreactive blots were incubated with alkaline phos-
phatase-conjugated anti-mouse 1gG antibody for 1 h. Finally,
the blots were devel oped with the alkaline phosphatase sub-
strate O-dianisidinetetrazotized along with 3-naphthyl acid
phosphate. Quantification of protein bands was achieved
by densitometric analysis using Chem image 5500 software
(UVP,USA).

Nisd staining Seven days after injection of A4, the
rats (five rats of each group) were perfused transcardially
with 4% paraformaldehyde in PBS. The brainswere post-
fixed for 24 h and were embedded in paraffin. Serial coronal
sections (5-pm thickness) were taken from various sections
of the brain, stained for Nissl body using cresyl violet, and
examined for pathological changes.

To assess hippocampal injury, the number of neuronsin
the pyramidal layer of the medial CA1 region was counted

under alight microscope at 400 magnification according to
the method described by Zhang et al®. Two continuous
fiddsin hippocampa CA1 subregion were sdected for each
section and the neurons were counted. The mean of two
fields was taken as the neuron number of this section and
the mean of four sections was taken asthe neuron number of
this specimen.

Statigtical analysis All datawere presented asmean+SD.
Statistical analysis was carried out with one-way ANOVA,
followed by LSD’s post hoc test, which was provided by
SPSS 11.5 atistica software. Theleve of significance was
accepted as P<0.05.

Results

Sodium fer ulateinhibited theamyloid-f,.4o-inducedin-
creasein phogpho-M KK 3/M KK 6 and phospho-p38 M APK
expression Asshown in Figure 1A, basal levels of hippoc-
ampal phospho-MKK3/MKK®6 were very low. Intracere-
broventricular injection of preaggregated AP, ledtoasig-
nificant increasein phospho-MKK3/MKK6 protein expres-
sion. The densitometric analysis revealed that phospho-
MKK3/MKKG6 level wassignificantly increased (5.07+0.63-
fold relativeto control value). SF (100 mg/kg and 200 mg/kg)
significantly inhibited AB,.4-induced increase in phospho-
MKK3/MKK6 expression. However, thesd ective inhibitor
of p38 MAPK, SB203580 (8 pg/rat) did not prevent thein-
crease in phosphorylated MKK3/MKK6 induced by AB;.4
(Figure 1A). Surprisingly, phosphorylation of the substrate(s)
of activated MKK3/MKK®6, p38 MAPK, was increased by
ABitoasmaler extent. The phospho-p38 MAPK level
was modestly elevated (1.51+0.155-fold relative to control
value). The AP,4-induced increase in activation of p38
MAPK was completdy prevented by SF (100 mg/kg and 200
mg/kg). SB203580 did not prevent an AB,.-induced increase
in phospho-p38 MAPK expression (Figure 1B).

Effectsof sodiumfer ulateon amyloid-f,.,-induced phos-
phorylatedM APK APK -2and phosphorylated Hgp27expr es-
sions Itiswell established that MAPKAPK-2 is phasphory-
lated and activated by p38 MAPK, and therefore, the effect
of AP..4 On its phosphorylation state was investigated in
the rat hippocampus. Asshown in Figure2A, phosphory-
lated MAPKAPK-2 in hippocampal CA1 prepared from
AB,4o-treated rats was significantly reduced compared to
that in control rats. ThisAp-induced decreasein phospho-
rylated MAPKAPK-2 was partly reversed by SF (100 mg/kg
and 200 mg/kg). SB203580 (8 pg/rat), the p38 MAPK sdec-
tiveinhibitor, completely inhibited the MAPKAPK -2 phos-
phorylation.
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Figure 1. Inhibitory effect of sodium ferulate (SF) on amyloid-f3
(AB)1.40-induced increases in phospho-MKK3/MKK®6 and phospho-
p38 MAPK expressions in rat hippocampus. The immunoreactivity
of phospho-MKK3/MKK6 and phospho-p38 MAPK in hippocam-
pal CA1 areas of AR, 40, AB1.4o+SF, and Af;.,,+SB203580, as well as
control animals, were determined by Western blotting. -actin was
analyzed as a sample loading control. Lane 1, control; lane 2, AB;_40-
treated; lanes 3—4, AB+SF at 100 mg/kg and 200 mg/kg, lane 5,
AP+SB203580. The bar chart shows the semiquantitative analysis
of the expressions of phospho-MKK3/MKK6 and phospho-p38
MAPK. n=5. MeantSD. °P<0.01 vs control. °P<0.05, P<0.01 vs

ABy.40 group.

The phosphorylation state of Hsp27 was assessed by
immunoblot using a rabbit polyclonal antibody that detects
the phosphorylated Hsp27 at Ser82. The results showed
that intracerebroventricular injection of AB,., led to the
decrease in Hsp27 phosphorylation, being consistent with
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the change of MAPKAPK-2 phosphorylation induced by
APy SF (100 mg/kg and 200 mg/kg) partly reversed the
effect of AP,., 0n phosphorylated Hsp27. In addition,
SB203580 significantly inhibited Hsp27 phosphorylation
(Figure 2B). All the above results support the conclusion
that in rat hippocampus the phosphorylation of Hsp27 is
catalysed by MAPKAPK-2, which isone of the p38 MAPK
subgtrates. However, in SB203580 contral group, 1% DMSO
did not show significant effects on phosphorylated
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Figure 2. Effects of sodium ferulate (SF) on the amyloid-f (AB);.40-
induced phosphorylated MAPK activating protein kinase 2 (MAPKAPK-2)
and the phosphorylated small heat shock protein Hsp27 expressions.
(A) SF inhibited AB,;.,-induced decrease in phospho-MAPKAPK-2.
(B) Effect of SF on the A, ,-induced decrease in phospho-Hsp27
expression. f3-actin was analyzed as a sample loading control. Lane
1, control; lane 2, AP, ,-treated; lanes 3—4, AB+SF at 100 mg/kg and
200 mg/kg, respectively, lane 5, SB203580. The bar chart below
shows the semiquantitative analysis of the protein expression. n=5.
MeantSD. °P<0.01 vs control. 'P<0.01 vs AB,_,, group.
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MAPKAPK-2 and Hsp 27 expressions compared with the
saline solution group (data not shown).

Sodium ferulate and SB203580 inhibit the amyloid-
B..40-induced increasein IL-1P protein level Thesample
immunoblot and mean data in Figure 4 indicated that the
expression of IL-1p in hippocampal samples prepared from
AB-treated rats was significantly increased compared to
samples from control rats. SF (100 mg/kg and 200 mg/kg)
markedly inhibited an AB-induced increase in IL-1B
expression. SB303580 compl etely abalished an AB-induced
increase in IL-1B expression, suggesting that AB-induced
increasein IL-1 expression in the hippocampusis mediated
through p38 MAPK pathway (Figure 3).

1 2 3 4 5

T W il <t B-Actin

c

Comparative IL-1 levels

Con AB

SF200  SB203580

Figure 3. Effects of sodium ferulate (SF) on the amyloid-f (AB);.40-
induced increase in interleukin (IL)-1f3 protein expression in rat
hippocampus. IL-1f3 protein expression was determined by Western
blotting. B-actin was analyzed as a sample loading control. Lane 1,
control; lane 2, AB,_,-treated; lanes 3—-4, AB+SF at 100 mg/kg and
200 mg/kg, respectively, lane 5, AB+SB203580. The bar chart shows
the semiquantitative analysis of the IL-1f expression. n=5.
MeantSD. °P<0.01 vs control. 'P<0.01 vs AB,_,, group.

Sodium ferulate attenuates the amyloid-f,.,,-induced
caspase cascades and PARP cleavage Totest theinfluence
of SF on AB,..-induced neurotoxicity, the expressions of
procaspase-9, procaspase-3, procaspase-7, and their cleav-
age products were analyzed by immunoblotting. Theresults
showed that intracerebroventricular injection of preag-
gregated AB,.4, led to the processing of inactive procaspase-
9into their activeforms. Procaspase-9 proteolysis was con-
firmed by theincrease of a 37 kDa fragment in hippocampal
CA1. SF(100 mg/kgand 200 mg/kg) significantly prevented
APB1_s-induced procaspase-9 cleavage. However, SB203580

did not inhibit AB,_4-induced pro-caspase-9 cleavage (Figure
4A). According to the picture of the apoptotic pathway,
caspase-9 activity is responsible for procaspase-3 and
procaspase-7 activation (executioner cagpases) by proteolytic
cleavage. Procaspase-3 and procaspase-7 processing was
investigated by Western blotting. AP, induced procaspase-3
processing and caspase-3 activation, as demonstrated in
Figure 4B by the appearance of p19 fragments. Similarly,
caspase-7 wasalso cleaved toits pl19 active form (Figure 4C)
in AB-treated rat hippocampus. Both SF (100 mg/kg and 200
mg/kg) and SB203580 inhibited caspase-3 and caspase-7
activation induced by AB,.,,. Altogether, these observations
indicated that SF interfered with the activation of three
procaspases. procaspase-9, -3, and -7.

During apoptosis, PARPis one of the earliest targets for
caspase-3 cleavage which results in the formation of an 89
kDaC-terminal fragment contai ning thecatalyticdomain and
a 24 kDa fragment that binds DNA ends®. As shown in
Figure4D, itsexpresson level wassgnificantly lower in hip-
pocampal CA1 region prepared from Ap-treated animalsand
was associated with the appearance of the 89 kDa fragment
of PARP. In SF-treated animals, the expression level of in-
tact PARP (116 kDa) was higher whilethe expression of the
89 kDa fragment was |ower when compared with that of Ap-
treated animals. SB203580 significantly prevented ApB-in-
duced PARP cleavage (Figure 4D).

Effect of sodium fer ulate on the amyloid-f,.4-induced
mor phological changeand number of hippocampal CA1 py-
ramidal neurons Thearrangement of hippocampal CA1 py-
ramidal neurons of the control group wasclearly discernible
(Figure 5A). The arrangement of hippocampal pyramidal
neurons of A, 4-treated group was sparse and the Nissl
body was decreasing or dissolving (Figure 5B). Thearrange-
ments of pyramidal neurons of AR+SF (100 and 200 mg/kg)
groups were better than that of the Af,.,-treated group
(Figure5C, 5D). Thenumber of hippocampal CA1 pyramidal
neurons of the AB,.,-treated group (3246, n=5) was signifi-
cantly lessthan that of the control group (6943, n=5) and SF
100 mg/kg (66+5, n=5) and 200 mg/kg (72+10, n=5). Nosg-
nificant difference was detected between the control group
and SF groups.

Discussion

We report here that AB,.,, induced an increasein phos-
phorylated MKK3/MKK6 and p38 MAPK expressionsin
hippocampal tissue. Thisincrease, in combination with
enhanced IL-1f protein expression, mediated the AB-induced
activation of the pro-apoptotic pathways, the caspases. SF
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Figure 4. Effects of sodium ferulate (SF) on the amyloid-f (AB),..-induced caspase cascades and poly (ADP-ribose) polymerase (PARP) cleavage
in rat hippocampus. (A) Effect of SF on procaspase-9 cleavage. The active fragment of caspase-9 is indicated as cleaved caspase-9 (37 kDa and
35 kDa). (B) SF prevents the AP, ,-induced activation of procaspase-3. Procaspase-3 and its p19 cleavage products were determined by Western
blot. (C) SF inhibits AR, ,-induced activation of procaspase-7. The active fragment of caspase-7 isindicated as cleaved caspase-7(20 kDa). (D)
SF reduces the AB,_,-induced PARP cleavage. f-actin was analyzed as a sample loading control. Lane 1, control; lane 2, AR, ,-treated; lanes 3—
4, AB+SF at 100 mg/kg and 200 mg/kg, respectively, lane 5, AB+SB203580. One representative of five immunoblotsis shown. The bar chart
shows the semiquantitative analysis of the expression of PARP and cleaved PARP. n=5. MeantSD. °P<0.01 vs control. 'P<0.01 vs AB,_, group.
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Figure 5. Nissl staining demonstrates the
change of arrangement of hippocampus CA1
pyramidal neurons. (A) Control group; (B) a
coronal slice obtained from Ap,.,-injected
rats; (C) AB+SF at 100 mg/kg; (D) AB+SF at
200 mg/kg.
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significantly prevented an AB-induced increasein MKK3/
MKK®6, p38 MAPK and IL-1B. Similarly, SF remarkably in-
hibited AB-induced activation of procaspase 9 and the sub-
sequent procaspase 3 and procaspase 7, and cleavage of
PARP. In addition, one of the most interesting aspects of
the present results wasthe discrepancy between the changes
in p38 MAPK and the corresponding phospho-MAPKAPK -2,
Itisobviousfrom Figure 1B and Figure 2 that intracerebroven-
tricular injection of AP, €levated phospho-p38 MAPK
expression, but reduced its substrates, phospho-MAPK APK-2
and phospho-Hsp27 protein expression. SF reversed
APB,.4induced these changes. In other words, SF signifi-
cantly prevented Ap,.,-induced decrease in phospho-
MAPKAPK-2 and phospho-Hsp27. Our evidence indicates
that SF may exert its neuroprotective effect by decreasing
activation of caspase-9,-3, and -7 and PARP cleavage.

Activation of p38 MAPK is involved in neuronal
response to various stresses®?, and this kinase is closely
related to hyperphosphorylated tau protein in AD. Our
result and previous studies demonstrated that AB-induced
increase in p38 MAPK activation was accompanied by the
increase in 1L-1B, SB203580, a selective p38 MAPK
inhibitor, completely abolished AB-induced increasein IL-10
protein expression, indicating that AB-induced increasein
IL-18 was mediated through p38 MAPK pathway. Over-
expression of IL-1f3 observed in the AD brain contributes to
the neuronal dysfunction and loss characterigtic of AD, par-
ticularly thoseinvolved in formation of neurdfibrillary tangle
and loss of synapse. In addition, IL-1f upregul-ates expres-
sion and stimulates the processing of the Af precursor
protein, resulting in amyloidogenic fragmentsin neurons®’.
Inthisway, IL-1f may sustain and enhance plague formation.
Alternatively, Ap, phospho-tau or IL-1 may be the stres-
sors of p38 MAPK/JINK. Positive feedback |oops may be
present in the AD brain whereby theinitia stressor isampli-
fiedviaMAPK pathway activation. SFcaninhibit p38 MAPK
and IL-1f production, thereby blocking thisvicious cycle.

Downgtream of p38 MAPKSs, thereisdiversification and
extensive branching of signaling pathways. One of the p38
MAPK substrates is MAPKAPK-2, which phosphorylates
Hsp27¥. Our resultsalso demonstrated that SB203580 com-
pletely prevented phospho-MAPKAPK-2 protein expres-
sion, but partly inhibited phospho-Hsp27 expression, sug-
gesting that in rat hippocampusthe upstream of MAPKAPK-2
isp38 MAPK, whilethe downstream is Hsp27.

In this study, we investigated the effect of AB,_,,0n phos-
phorylated MAPKAPK-2 and Hsp27 and effect of SF.
Surprisingly, our results showed that intracerebroventricular
injection of Ap,., reduced phosphorylated MAPKAPK-2

and Hsp27 protein expressions. SF significantly prevented
APB,.4-induced decrease in phosphorylated MAPKAPK-2
and Hsp27 protein expression. Thismight bethe other mecha-
nism by which SF-inhibited A,.,, induced the activation of
the pro-apoptotic pathways, caspases, of hippocampal
neurons. In recent years, evidence has accumulated to show
that Hsp27 has cellular protection of the central nervous
system. Hsp27 acts via two mechanismsto confer cellular
protection. First, asmolecular chaperones, Hsp27 are active
in the formation and mai ntenance of the native conformation
of cytosolic protein'® and stabilization of the actin filaments,
which make up the cytoskel eton of the cell™®. Second, Hsp27
functionsin neuroprotection through anti-apoptatic actions,
particularly on the mitochondrial pathway of caspase-
dependent cell death. Oneof the main mechanisms of cagpase
activation involves the rel ease of cytochrome ¢ from mito-
chondria. Cytochrome c interacts and binds with the Apaf-
1 resulting in an apoptosome. The apoptosome recruits and
activates procaspase-9, which recruits, cleaves and activates
caspase-3 and caspase-7. It isthese two caspases that me-
diate the death of the cell through sdlective proteolysis™.
Hsp27 inhibits apoptosi s by modul ating a component of this
pathway. Hsp27 inhibits the release of cytochrome ¢ and
the formation of a functionally competent apoptosome.
Hsp27 binds with cytochrome c after its release from the
mitochondriato prevent itsinteraction with Apaf-1°2. Hgp27
actsto prevent the activation of caspase-3 directly or viaa
mechanism similar to Bcl-2, which delays PARPcleavageand
procaspase-3 activation®*!, Therefore, this has led to the
hypothesis that Hsp27 may be useful in the treatment of
neurodegenerative diseases.

In summary, our finding indicates that SF reduces
caspase-9, -3, and -7 expression and activity and PARP
cleavage. Thisinhibitory effect of SF on the activation of
the pro-apoptotic pathways, the caspases, might occur
through reduction of inflammatory cytokine IL-1 produc-
tion and p38 MAPK activity and an increase of Hsp27
expression in rat hippocampus.
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